When confined to two dimensions and exposed to a strong magnetic field, electrons screen the Coulomb interaction in a topological fashion; they capture and even number of quantum vortices and transform into particles called 'com- We find that they undergo Cooper pairing to form a p-wave bound state at ν = 5/2, but not at ν = 1/2. In effect, the repulsive Coulomb interaction between electrons is overscreened in the ν = 5/2 state by the formation of composite fermions, resulting in a weak, attractive interaction.
in a magnetic field; considerable progress towards understanding these properties has been made by modeling the composite fermion (CF) system as an non-interacting gas of composite fermions [1, 2] . In particular, the fractional quantum Hall effect (FQHE) [4] is a manifestation of the integral quantum Hall effect of composite fermions [3] , and the metallic, non-FQHE state at the half-filled lowest Landau level is a Fermi sea of composite fermions [5] [6] [7] [8] .
The Landau level filling ν = 5/2 = 2 + 1/2 corresponds to half-filled second LL. Here, both spin states of the lowest Landau level (LL) are completely occupied, contributing 2 to the filling factor. The fully occupied LL is treated as inert in this work, and the electrons in the partially filled second LL are assumed to be fully spin-polarized. These are valid approximations in sufficiently high magnetic fields. In complete analogy to the half-filled lowest LL, the model of non-interacting composite fermions would predict a Fermi sea of composite fermions at ν = 5/2 as well. However, experiments reveal a FQHE state here [9, 10] . In fact, 5/2 is the only even-denominator fraction to be observed in a single-layer system, and its physical origin has been a subject of debate and controversy [11] .
To understand the fundamental difference between ν = 5/2 and ν = 1/2, it is necessary to go beyond the model of non-interacting composite fermions. Our theoretical investigations of the inter-CF interaction employ the Jain wavefunctions for composite fermions [1] [2] [3] . These wavefunctions not only give an accurate quantitative account of the inter-CF interaction, but even capture the subtle, interaction-driven Wigner and Bloch instabilities of the CF liquid at small filling factors [12, 13] ; such instabilities are analogous to those believed to occur for the ordinary electrons gas (jellium) at low densities [14] .
Central to this work is the following question, in analogous to the Cooper problem for ordinary superconductivity: if we begin by assuming a Fermi sea of composite fermions both at ν = 1/2 and ν = 5/2 and add two composite fermions at the Fermi surface, will they form a bound state? We find that the CF-Fermi sea is unstable to pairing of composite fermions at ν = 5/2 but not at ν = 1/2, as shown schematically in Fig. (1) . We stress that, in contrast to the Bardeen-Cooper-Schrieffer (BCS) theory, we do not assume any attractive interaction, phonon-mediated or otherwise; the only interaction in the problem is the repulsive Coulomb interaction between electrons. However, the Coulomb interaction translates into a weak attractive interaction between composite fermions at ν = 5/2.
We work in the spherical geometry [15, 16] , in which N electrons are considered to move on the surface of a sphere under the presence of a radial magnetic field produced by a magnetic monopole of strength Q at the centre. The flux through the surface of the sphere is 2Qφ 0 , where 2Q is an integer, according to Dirac's quantization condition. The composite fermion theory maps the problem of interacting electrons at Q to that of composite fermions at Q * = Q − N + 1 (assuming here and below composite fermions of vorticity 2p = 2). The
Jain wavefunctions for interacting electrons at Q are given by Ψ Q = P LLL Φ 2 1 Φ Q * , where Φ Q * are wavefunctions of non-interacting electrons at Q * , and Φ 1 is the wavefunction of the fully occupied lowest Landau level at Q 1 = (N − 1)/2, and P LLL is the lowest LL projection operator. Due to the rotational symmetry, the total orbital angular momentum L is a good quantum number, preserved in going from Φ Q * to Ψ Q .
We are interested in composite fermions in a vanishing effective magnetic field, that is, when Q * = 0, which is obtained at Q = N − 1. Here, for N = n 2 , the ground state
has uniform density (L = 0), as it contains n filled shells of composite fermions (electrons).
We approach the CF Fermi sea as the N → ∞ limit of the filled shell states. The systems with a CF pair occur at Q * = 0 for N = n 2 + 2, corresponding to situation when two CF particles are added to the (n + 1)st shell. The individual angular momenta of the additional particles are l = n, implying that there is one multiplet at each total angular momentum
.., L max = 2n − 1 with a degeneracy of 2L + 1. The wavefunction of a CF pair at
is the wavefunction of an electron pair at B = 0. We will also consider a pair of CF, corresponding to two holes in the nth shell at Q * = 0. Ψ The energy of Ψ
, is evaluated in a Monte Carlo approach [19] . The estimation of the thermodynamic limit of the binding energy from our finite size study can be difficult. When the pair interaction energy is not small compared to the intershell spacing, many shells would participate in the pair wavefunction, and our approximation of restricting the pair to the lowest unoccupied shell would break down. A determination of the appropriate 'parent' wavefunction Φ el−pair is obviously quite complicated in this regime, and consequently, so is obtaining Ψ CF −pair . However, past studies [20] have shown that distinct excitations in Φ with the same quantum numbers may produce the same excitation Ψ, because the Hilbert space at ν = 1/2 is greatly restricted compared to that at zero magnetic field. Therefore, as a first step, we proceed without any explicit consideration of shell mixing. We have studied up to n = 6 filled shells; both CF-particle pairs and CF-hole pairs are considered for up to n = 5 and only the latter for n = 6. Figure (3 however, is quantitatively unreliable in this application because of its inadequacy in describing the energetics or the short-distance behavior. Even within this approach, Bonesteel [24] has noted that a pair breaking term not considered in ref. [23] may potentially alter its conclusion. Greiter et al. further suggested that the paired CF state may be described in terms of a Pfaffian wavefunction written by Moore and Read [25] . Recent exact diagonalization [26, 27] and variational [18] studies have provided support for the validity of a Pfaffian-like
The pairing of composite fermions at ν = 5/2 has a topological origin, and occurs in spite of strong repulsive interaction between electrons. The repulsion is circumvented because the objects that pair up are not electrons but composite fermions. We speculate that a fundamental reorganization of the state, for example, creation of new quasiparticles, must happen in any system in order for pairing to ensue, starting from repulsive interactions alone.
This is indeed the case in several theoretical models of high-temperature superconductivity, where the pairing is believed also to be caused by repulsive interactions. (CF-holes) on top of the CF-Fermi surface. As expected from particle-hole symmetry, satisfied by the wavefunctions considered here to an excellent approximation, the binding energies for the CF-particles and CF-holes fall on the same line.
